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Abstract
Effects of Different Liquid Smoke Treatments on Osmotic
Dehydration of Apple Cubes

Rohit Singh
Refined Liquid Smoke (RLS) (1%) was incorporated during osmotic dehydration of apple
cubes (10 mm each side) to observe its effect on solid gain, water loss, yield, water activity,
product quality, and consumer preference. Three different treatments, POD (pure osmotic
dehydration, no RLS), LSISS (RLS inside sugar solution) and PTLS (pre-treatment with
RLS), were compared in this study. Osmotic dehydration was carried out using 42 °Brix sugar
solution, and the fruit to solution ratio was kept at 1:4. The osmotically dehydrated apples
were evaluated for soluble solid content (SSC), water loss, and solid gained. After osmotic
dehydration, apple cubes were air dried at 74 °C for 8 - 10 hours to achieve a water activity
of 0.3. The final dried apple product was evaluated for moisture content, yield, water activity,
color, and sensory characteristics. Statistical analysis showed that the use of RLS significantly
influenced moisture content, total solid gained, water activity, and yield. Osmotic dehydrated
apples produced with POD treatment had the highest moisture content (71.64%) followed by
those produced with PTLS (69.76%) and LSISS (68.85%) treatments. The highest SSC was
observed in apples produced with PTLS (31.40 °Brix) treatment suggesting a higher influx of
sugar during osmotic dehydration process, and as a result highest yield was also recorded for
the PTLS treatment (23.48%).
In addition, a consumer acceptability test (n=15) of final dried apple snack was
performed. The panelists were untrained undergraduate and graduate students (21-35 years

old). Panelists rated all the samples for appearance, color, flavor, texture, taste and overall
acceptance. Results showed that the overall acceptance for POD and PTLS treated apples was
significantly higher than LSISS treated apples (p<0.02
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Chapter 1
Introduction
The United States is the world’s second-largest producer of apples (US Apple Association, 2018).
In the U.S., the apple crop production was 10.25 billion pounds in the year 2020 from 295,300
acres (USDA-NAAS, 2021). While area of apple production decreased by 15.7% between 2007
and 2020, apple production increased by 11.3% during same time. In the United States apples are
grown in 32 states. The top ten apple producing states are Washington, New York, Michigan,
Pennsylvania, California, Virginia, North Carolina, Oregon, Ohio and Idaho. The Washington
State alone produces more than half of the nation’s apple crop (USDA, 2011). More than 100 apple
varieties are grown commercially in the United States, but 15 popular varieties account for almost
90 percent of production. Fuji, Red Delicious, Gala, Granny Smith and Golden Delicious are
among the most popular varieties grown in the United States (US Apple, 2020). The U.S. exports
25% of the apple crop to Mexico, India, Canada, Taiwan, Indonesia, Vietnam, United Arab
Emirates, Hong Kong, Saudi Arabia, and Dominican Republic (US Apple Association, 2019).
While apples are largely consumed as fresh fruit, significant apple crop is processed into juices,
dried apple, frozen apple and canned apple. According to 2018 statistics by USDA, 67% of
produced apples were consumed as fresh produce; 11.9% used for making juices; 10.2% were
canned; and only 3.2% were dried (Figure 1). On the other hand, 3% of total production was
reported as not marketed (US Apple Association, 2018).

1

Figure 1. Apple Utilization in the U.S. (US Apple Association, 2018)
According to USDA 2019, 100 g of apples contain, 85.6 g of water, 0.26 g of protein, 10.4 g of
sugars and 2.4 g of fiber, based on analytical data for red delicious, golden delicious, gala, granny
smith and fuji verities of raw, with skin apples. Apples are also an important dietary component
linked with cardiovascular disease prevention (Bondonno et al., 2017). Apples are also found to
be one of the best sources for dietary polyphenols in the North American and European diet
(Rupasinghe et al., 2013).
1.1 Drying and Dehydration of Apples
Drying of foods is commonly used to improve the food stability against microbial and enzyme
activity by decreasing the water activity while minimizing physical and chemical changes during
storage (Mayor & Sereno, 2004), (Prosapio & Norton, 2017). Apple has a significant share in food
production in the world, and it is a very important raw ingredient used in many processed foods
(Dikbasan, 2007). Drying and dehydration of various apples varieties using different methods has
been extensively reported in the literature. Cruz et al. (2015) studied the convective drying of
Golden Delicious apples at temperature ranging from 30 to 60 °C. They report that drying
2

decreased the acidity as well as sugar content of the apples. They also report that high temperature
affected color with low L* values and it increased mass diffusivity. Witrowa-Rajchert & Rzaca
(2009) compared drying methods (convection, microwave and infrared methods) on the internal
structure of apple slices. They report that convective drying caused significant changes in the size
of apple, and the apples dried using microwave and infrared methods had cells with larger crosssectional area than convectively dried apples. Also, the apple slices that were dried using
microwave and infrared methods showed 11 to 12% lower shrinkage than the slices dried by the
convection method. Siebert et al. (2020) studied combination drying process as an alternative to
conventional drying for drying of apples. They report that using a combination of hot-air drying
and microwave-vacuum drying produced better quality of dried apple pieces. Karunasena et al.
(2014) performed scanning electron microscopy to study the microscopic changes to Gala apples
during hot air drying. They report that cellular deformation were mainly influenced by water
content throughout the drying; however, temperature also influenced the cellular deformation
during the initial and intermediate stages of drying, and temperature did not deform cell structure
during final stage of drying but led to case-hardening of apple. Various drying methods have been
proposed in multiple literature, the most common and frequently used being hot-air drying method
(Prosapio & Norton, 2017). However, convective hot-air drying method has multiple drawbacks
and can cause adverse effects on the final dried product such as excessive shrinkage, browning,
little rehydration ability, low nutritive value, and poor textural properties (Lewicki & Jakubczyk,
2004). Cost of operation for drying using a conventional air-dehydrator is also very high due to
high energy requirements (Koyuncu et al., 2007).
In order to overcome these drawbacks and reduce the adverse effects of hot air drying, some
pretreatments have been proposed to produce a product with intermediate moisture content.
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Among these pretreatments, osmotic dehydration has been favored because it’s a low cost and
simple process (Prosapio & Norton, 2017). Osmotic dehydration (OD) helps retain better texture
and flavor (Torreggiani, 1993). OD reduces Maillard browning compared to conventional drying
(Torreggiani & Bertolo, 2004).
1.2 Osmotic Dehydration
Osmotic dehydration (OD) facilitates removal of water from fruit without application of high heat.
During osmotic dehydration, fruit is submerged in an osmotic solution (sugar or salt solution), and
dehydration of fruit occurs due to osmotic pressure caused by concentration gradient. Water is
transferred from the food to the solution by the virtue of the difference in osmotic pressure. During
the osmotic dehydration, fruit gains salts or sugars from the osmotic solution (Figure 2). The
selection of the osmotic solution and the process conditions aims at maximizing the water removal
and minimizing all other transports (Berk, 2018). Osmotic dehydration, both at atmospheric
pressure or preceded by the application of sub atmospheric pressure for a short time, has been
proposed in the production of minimally processed fruits and vegetables, which are convenient,
ready-to-eat, high-moisture but ambient stable foods (Torreggiani & Bertolo, 2004).
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Figure 2. Mass Transfer Phenomena During Osmotic Process (Torreggiani and Bertolo,
2004).
Kaymak-Ertekin and Sultano (2000) studied the OD mechanism for apple slices at different
temperatures and different concentrations of sucrose. They report that as concentration of sucrose
and temperature increased the water loss also increased at considerable level. It was also noted that
as the dextrose in the mixture increased the water loss as well as solid gain also increased.
Kowalska (2009) observed similar effects. They report high penetration effects using higher
concentration (40%) of sucrose than 20% sucrose.
1.3 Liquid Smoke Applications on Food
Liquid smoke is an alternate to traditional smoking used for food preservation. Smoking
techniques have been in use for centuries as a method for preserving meat and fish. Smoking
provides the food with flavor and aromatic compound by impregnating the protein. Traditional
smoking generates polyaromatic hydrocarbons (PAH), which are considered to be carcinogenic in
nature (Hattula et al., 2001).
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Liquid smoke is produced by condensing the wood smoke produced by smoldering wood chips or
sawdust under limited oxygen conditions (Montazeri et al., 2013). Raw liquid smoke contains
cocktail of carbonyls, phenolic compounds, and polycyclic aromatic hydrocarbon (PAH), some of
which are carcinogenic (Ayvas & Atar, 2016). PAHs concentration of more than 300 ppm has been
proved to cause childbirth defects. Due to these toxicities, the European Union has a strict limit of
0.002 ppm (Ayvas and Atar, 2016) for PAH. Raw liquid smoke is refined using adsorption
processes to remove PAH and lignin-derived phenolic compounds. In most cases, lignin-free
biomass, i.e. cellulose, carbohydrates (tapioca or corn) is used to make liquid smoke to produce
phenolic-free liquid smoke. The liquid smoke after filtration and refining is called Refined Liquid
Smoke (RLS). RLS is now commercially available with adjusted compositions of different
compounds i.e. low phenolic compounds (0.3 to 0.6 mg/ml) and acidity ranging from pH 2 to 4
(Montazeri et al., 2013). Refined liquid smokes are heavily used in food systems as antimicrobials
and flavoring agents (Montazeri et al., 2013 and Lingbeck et al., 2014). For example, application
of RLS, inhibited Listeria monocytogenes in Salmon fish stored under vacuum at 4 ⁰C for 35 days
(Montazeri et al., 2012). Liquid smoke has long been applied for the curing of fish (Hattula et al.,
2001), meat (Martinez et al., 2004), beef (Estrada-Munoz et al., 1998), and poultry products
(Gomma et al., 1993). Additionally, application of RLS has shown some considerable
improvement in organoleptic properties of food (Martinez et al., 2004), in terms of mechanical
strength (Wang et al., 2016), texture (Martinez et al., 2004), color, and flavor (Simko et al., 2005).
While there is literature on use of liquid smoke on meat products, there is very minimal research
on liquid smoke use on fruits and vegetables. Rahmat & Albaki (2021) studied the effects of
coconut waste produced liquid smoke on citrus fruit pathogens. The results showed liquid smoke
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treatment (2.5%) was able to retard mycelium of green rot (Penicillium digitatum) and blue rot
(Penicillium italicum) with 100% inhibition.
1.4 Liquid Smoke Application on Osmotic Dehydration of Apples
Akharume et al., (2019) investigated the osmotic dehydration kinetics of water loss (WL), solid
gain (SG), dry matter content (DM) and soluble solid content (SSC) of apple cubes (i) pretreated
with 1% w/w liquid smoke plus 42 °Brix sugar solution and (ii) pure sugar solution. They report
that the use of liquid smoke treatment during OD process significantly increases the SG, DM, and
SSC. For example, the liquid smoke treatment led to about 9% additional sugar gain in the apples
as reflected in the dry matter content (34.79% for liquid smoke treatment versus 31.98% for
control). Additionally, the moisture content of apples was reduced from 88.50 g/100g to 47.55
g/100g for liquid smoke treated samples whereas it was 49.39 g/100 g for control samples. The
more SG or SSC, the better the stability, texture, and eventually the safety of the dried fruits.
Therefore, one direct benefit of using liquid smoke treatment was high product yield.
In another research, Akharume et al. (2018) assessed the quality of the dried smoky apples, in
comparison to pure sugar-OD treated apples and untreated apples as control, the OD treated apples
were dried with hot air drying in a food dehydrator (Excalibur) set at an isothermal temperature of
74 ℃. Fruits were dried until reaching 0.3 - 0.35 aw for 8 h. Storage assay was performed in both
vacuum and non-vacuum package stored at room temperature for 5 months. Microbial assay, color
assay and textural properties assay were performed over time to investigate the effects of storage
conditions (time and type of package) on these quality attributes. The results showed that liquid
smoke treated apple snacks showed the best microbial resistance to bacteria, mold and yeast
growth compared to control samples. However, none of the samples showed a growth higher than
5 log cfu/g for all storage time. Additionally, the use of liquid smoke in the dried apple snacks
7

causes the highest snacks hardness, chewiness, and gumminess during 90-120 days of storage but
remain relatively the same for the 0-60 days.
While Akharume et al. (2018 and 2019) demonstrated benefits of using liquid smoke as an additive
during the osmotic dehydration process, there is a need to investigate whether liquid smoke
treatment of apples prior to osmotic dehydration would lead to enhanced water loss and solid gain
by acting a protein cross-linker to the apple cell wall. Therefore, objective of this research was to
compare POD (pure osmotic dehydration, no liquid smoke), LSISS (RLS inside sugar solution)
and PTLS (pre-treatment with RLS) for water loss (WL), solid gain (SG), dry matter content (DM),
soluble solid content (SSC), and final dried product’s textural and sensory characteristics.
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Chapter 2

Materials and Method
2.1 Materials
Golden Delicious apples were bought from a local grocery store (Kroger, USA) and stored in a
refrigerator at 35 °F (Khorshidi, 2019) prior to the experiments to avoid any spoilage. Apples were
cored and then cut into cubes of approx. 10 mm using a slicer (Cuisinart CTG-00-MAN) and cutter.
The cut apple cubes were stored inside a sealed container inside refrigerator at 35 °F and were
utilized within 10-20 minutes. A 42 °Brix Sugar solution was prepared using distilled water and
sugar bought from a local grocery store. Refined Liquid Smoke (CODE 10/POLY, Kerry
Ingredients and Flavors, TN) was also purchased and stored at 4 °C before use. Complete
characterization of RLS has been reported by Montazeri et al. (2013).
2.2 Experimental Design and Statistical Analysis
Completely randomized design was used to analyze effect of three treatments (POD, PTLS and
LSISS) on response variables WL, SG, DM, and yield For the consumer acceptability test,
randomized block design was used with two blocks (gender and age) to analyze five response
variables (appearance, color, flavor, texture, and taste). The Experimental data were analyzed for
Analysis of Variance (ANOVA) using the JMP statistical software version 15. The LSD and
Tukey’s tests were used to compare means. ANOVA was performed at α = 0.05. The different
treatments were analyzed to evaluate statistical parameters and plots (normal probability,
interaction plots).
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2.3 Osmotic Dehydration (OD)
To perform the osmotic dehydration experiment, fruit to solution ratio was kept 1:4 (30 g apple
cubes with 120 g of sugar solution) according to procedure established by (Akharume et al., 2018).
The OD experiment was carried out in a 150 ml glass bottle (Model No: 1395, Corning Pyrex,
Germany, Trace Code: 10063133) placed on an incubator-shaker (combi-V12, FINEPCR
DAIGGER) maintained at 50 °C (Figure 4). The OD was carried out for 3 hours as established in
previous work (Akharume et al., 2018). After OD, apple cubes were rinsed off gently with water
to remove the excessive sugar solution coating on the surface of apples followed by hot air drying
in a food dehydrator (Model: 3900T, Excalibur Products, CA. USA) for 10 hours at a temperature
of 74 °C. A flow diagram for all the three treatments are present as Figure 3. To get PTLS treatment
additional step A is performed after step 2 followed by step 4 and to get LSISS treatment step B is
added as shown in the flow chart.

Figure 3. Flow Chart for POD, LSISS and PTLS Treatments
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For pure OD, apple cubes were dipped inside sugar solution of 42 °Brix. For LSISS, 1% RLS was
added to the sugar solution. For PTLS, apple cubes were first pretreated with 1% RLS solution in
distilled water for 1 hour. The RLS pretreated apple cubes were gently wiped using a paper towel.
After that, the RLS treated apple cubes were placed inside sugar solution of 42 °Brix and OD
procedure was carried out as mentioned previously.

Figure 4. Schematic Diagram of OD Process Using Apple Cubes
2.4 Analytical Measurements
2.4.1 Soluble Solid Content (SSC, °Brix)
SSC of the apple cubes and osmotic solution were measured before and after the OD using a digital
refractometer (Model: AR200, Reichert, NY USA) according to the AOAC 932.12 standard
(AOAC, 1990). To determine the brix of apples, 2-4 cubes were squeezed to extract juice, and the
juice was placed on the prism of refractometer to get the measurements.
2.4.2 Moisture Content of Apples (MC, %)
Moisture content of apples was measured at three different stages throughout the experiment. For
fresh apple cubes (apples before osmotic dehydration, BOD); for apple cubes after osmotic
11

dehydration AOD; and for apple cubes after hot air drying (final product). Moisture content and
dry matter content (DM) measurements were performed by oven-drying the samples to constant
weight for 24 h at the temperature of 103 ± 2 °C.
2.4.3 Yield of Final Product (Y, %)
Percentage yield for the final product was calculated using the Equation 1.

Y%=

Weight of air-dried product
Weight of apples before OD

×100

(1)

2.4.4 Solid Gain (SG%) & Water Loss (WL, %)
To calculate percentage water loss WL, weight of fruit (g) (cut apple cube) was measured before
and after osmotic dehydration. Moisture content of fruit was also noted for before and after osmotic
dehydration. With the help of moisture content, the exact water amount inside the fruit, before and
after osmotic dehydration was calculated. These values of water amount were then used to get the
total percentage water loss (WL) (expressed as g of water loss per 100 g of fruit). In similar fashion,
percentage solid gained (SG) (expressed as g of solid gained per 100 g of fruit) was calculated
with help of weight of dry matter (g) before and after osmotic dehydration. Equations used for SG
and WL are as follows:

WL (%) =

SG (%) =

WBOD - WAOD
WF

×100

DMAOD - DMBOD
WF

(2)

×100

(3)

Where:
WBOD = water before OD (g)
12

WAOD = water after OD (g)
DMBOD = dry matter before OD (g)
DMAOD = dry matter after OD (g)
WF = weight of fruit taken (g)
2.5 Consumer Acceptability Test
To test the marketability of the final dried apple snack product, a consumer sensory evaluation was
conducted according to the standard protocol (Poste el al., 1991). Approval for consumer testing
was obtained from the West Virginia University Institutional Review Board (IRB) under exempt
protocol (protocol#: 2104276063). The sensory evaluations were carried out by 15 untrained
panelists (18 to 34 years old) comprising of 25% of female panelists.
For a sensory evaluation test, three coded samples labeled A, B and C were provided to a panel of
15 consumers. The test was conducted individually to stay in accordance with the West Virginia
University (WVU) COVID-19 protocols. The consumer test took place in Percival Hall, Evansdale
Campus, WVU, under well-lit, soundproof conditions to reduce suggestion effect and distraction
error (Sharif et al., 2017). The lightning and other conditions that might affect the visual
characteristics (appearance, color) were kept the same for all panelists and for all the samples. The
Hedonic response of preceding sample can influence the attribute of the next sample as a result
samples placed at first position generally gets higher score on a Hedonic scale (Sharif et al., 2017),
also known as “order effect”. In order to overcome this order effect, randomization of the samples
was adopted e.g. for first 5 panelists sample A could be POD and for next 5 panelists sample A
could be PTLS or LSISS. Panelist rated all the samples on a scale from 1 to 9 (Hedonic scale) with
1 being ‘dislike extremelty’ and 9 being ‘like extremely’. Water was provided after each sample
13

to rinse taste from the previous sample. Panelists rated each sample for appearance, color, flavor,
texture, and taste. All the samples were served at room temperature (72 °F).

14

Chapter 3
Results and Discussion
3.1 Moisture Content of Apples
Moisture content of the apple cubes Before Osmotic Dehydration (BOD), After Osmotic
Dehydration (AOD), and after air drying are present in Table 1. The fresh apple had about 85.5%
moisture. Similar moisture content for fresh apples reported by Ramaswami & Tung (1981) at
(85.8%) and by USDA (2019) (85.6%). The moisture content of the apple cubes decreased after
the OD from 85.5% (MC of fresh apples) to 71.64, 68.85 and 69.76% for POD, LSISS and PTLS,
respectively. The highest moisture loss was noted in LSISS followed by PTLS. However, the
moisture loss after OD was not significantly more for PTLS than POD but for LSISS it was
significant. Final moisture content of the apple cubes after tray drying was recorded to be 6.01,
5.65 and 5.96 % again for POD, LSISS and PTLS, respectively.
Table 1. Moisture Content (%) of Apples Before Osmotic Dehydration (BOD), After
Osmotic Dehydration (AOD), and After Air-Drying.
Treatment

BOD

AOD

After tray drying

POD

85.5±1.14

71.64±0.42 a

6.01±2.15

LSISS

85.5±1.14

68.85±1.08 b

5.65±2.02

PTLS

85.5±1.14

69.76±1.43 b,a

5.96±1.95

3.2 Soluble Solid Content (SSC)
Soluble solid content of the fresh apples was 12.6 °Brix, very close to that reported by (Romano
at el., 2011) (13.1±0.9 °Brix). After the OD, SSC of apples increased to as high as 31.40 °Brix for
treatment that had liquid smoke (Table 2, Figure 5). The PTLS showed the highest increase in
15

SSC (31.40 °Brix), an increase of about 150%. Whereas, for LSISS and POD, the SSC values were
28.43 and 28.17, respectively. These values differed slightly from the previous work (31.02 and
33.80 °Brix) on liquid smoke infusion on OD of apples by Akharume et al., (2018). The difference
could be attributed to shorter OD duration of 180 min used in this study than 240 min used by
Akharume et al., (2018). The increased in OD duration results in relatively large influx of sugar
(Eren & Kayamak-Ertekin, 2007).
Table 2. Brix of Apples and Osmotic Solution Before Osmotic Dehydration (BOD) and
After Osmotic Dehydration (AOD).
SSC of Apples (°Brix)
Treatment

BOD

AOD

POD

12.6±0.8

28.17±0.32 a

LSISS

12.6±0.8

28.43±3.43 a,b

PTLS

12.6±0.8

31.40±1.55 b

SSC of Solution (°Brix)
POD

41.93±0.25

37.63±0.15

LSISS

41.93±0.25

36.93±0.11

PTLS

41.93±0.25

36.73±0.58

SSC of solution reduced from 41.93 °Brix to about as low as 31.40 °Brix (Table 2). The PTLS
treatment resulted in the highest reduction in the SSC of the solution followed by LSISS, which
suggests higher influx of sugar inside the apples for PTLS than for LSISS and POD.
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SSC (°Brix) of Apples Before and After OD
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Figure 5. Brix of Apples Before and After OD
3.3 Yield
Tray drying of osmotically dehydrated apples was performed to reach water activity of less than
0.3. The air-dried samples had water activity of 0.19, 0.266, 0.259 for POD, PTLS, and LSISS
treated apples, respectively. These water activity measurements are taken immediately after air
drying. in general, with increase in temperature water activity decreases. In literature, apples dried
at 74 °C for 8 hours reached water activity of 0.3 (Scott & Bernard, 1983).
Table 3. Yield of the Dried Apples
Treatment

Yield %

POD

19.82±0.73 a

LSISS

22.53±1.32 b

PTLS

23.47±0.49 b
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The PTLS treatment resulted in the highest yield of 23.48 %, which was the highest among all
three treatments followed by LSISS treatment (22.53 %). The product yield was observed to be
19.82% for POD treatment. The use of liquid smoke during OD increases product yield by 18.5%,
which is very good for improving output of commercial processes. Yields for PTLS and LSISS
was not significantly different (p>0.05), however, yield for PTLS and LSISS was significantly
more than POD treatment (p<0.05).
3.4 Solid gain (SG) and water loss (WL)
SG and WL for all three treatments is reported in the Table 4 and Figure 6. Highest solid gain was
found in PTLS (8.38 %) followed by LSISS (7.37 %). Anitha (2007) recorded similar results for
SG (6.25 to 13.97%) for osmotically dehydrated guava. Water loss was the least for PTLS (34.28
%) and the highest for LSISS (38.77 %). Akharume et al. (2018) reported higher WL for liquid
smoke infused apples due to OD performed for 240 minutes. Akharume et al. (2018) also reported
similar WL for POD and RLS infused apples. It is to be noted that both SG and WL were calculated
after osmotic dehydration for all treatments.
Table 4. SG and WL for POD, LSISS and PTLS treated samples
Treatment

SG %

WL %

POD

5.59±0.83 a

36.44±1.60

LSISS

7.37±0.98 a,b

38.77±2.12

PTLS

8.38±0.76 b

34.28±2.32
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Figure 6. Solid Gain (%) and Water Loss (%)
3.5 Color and Water Activity
Color stayed consistent throughout the storage period for all the treatments (Figure 7). Color
difference between the three treatments can be noticed visually, with LSISS being the darkest and
POD being the lightest in color.

Figure 7. Color for Final Product of All Three Treatments
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The L* values were the highest for POD treatment since it did not have any liquid smoke in it and
among the liquid smoke treated apples the L* values were higher for PTLS than LSISS treatment.

Figure 8. L* Values Over 28 days for POD, LSISS and PTLS
The water activity for POD decreased from day one to last day of storage; however, the decrease
was not significant. Maltini et al. (2003) studied the relation between mallard browning and water
activity. Maltini et al. (2003) observed a relation between L* value and water activity of dried
apples. They report that the maximum browning (lower L* values) was observed in most cases at
higher water activities (0.3–0.7). This explains the results of color for POD on the 28th day when
the L* values were the lowest due to high water activity. However, this reasoning cannot be applied
for PTLS and LSISS treatment because the browning was caused by liquid smoke infusion and not
by mallard reaction.
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Figure 9. Interaction Plot of Water Activity over 28 days for POD, LSISS and PTLS
Water activity was not significantly different for all three treatments for the most part. However,
RLS infused apples did show lower water activity over longer period.
3.6 Consumer Acceptability
Statistical analysis showed (Figure 10) that, appearance as well as color of POD treated apples was
preferred over apples produced from other two treatments (p-values<0.002). Among RLS treated
apples, appearance of PTLS treated apples was preferred over LSISS treated apples (p-value=
0.048), and color of PTLS treated apples was preferred over LSISS treated apples (p-value=
0.018). Texture of POD apples was not preferred over apples produced from other two treatments
(p-values>0.002). Texture of PTLS treated apples was preferred over LSISS treated apples (pvalue= 0.028). Overall acceptance, flavor, and taste of POD and PTLS apples was preferred over
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apples produced from LSISS treatment (p-values<0.02). Between RLS treated apples, PTLS
treatment was preferred over LSISS treated apples (p-value= 0.0047).

Figure 10. Sensory Characteristics (Appearance, Color, Flavor, Texture, Taste, and
Overall Acceptance) Rating by Panelists (mean, standard error) for Dried Apples Produce
Through Three Treatments (POD, LSISS, and PTLS)
Gender and age did not significantly affect the preference toward any treatment (POD, PTLS,
LSISS) (Figure 11 and 12). The interaction plot for overall acceptance (OA) based on age group
for the three treatments is shown in Figure 11.
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Figure 11. Interaction plot for Overall Acceptance for the Treatments Based on Age
It can be noticed that age did not play any role in choosing one treatment over the other. Panelists
of age-group 20-24, 25-29 and 30+ all preferred POD and PTLS over LSISS treatment.

Figure 12. Interaction plot for Overall Acceptance for the Treatments Based on Gender.
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Similarly, based on gender, the interaction plot shows that gender did not play any role in choosing
one treatment over the other. Males as well as females preferred POD and PTLS over LSISS
treatment. All the other attributes (color, texture, flavor, appearance, taste) all showed similar
results as overall acceptance, age or gender did not influence the ratings for all three treatments.
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Chapter 4
Summary and Conclusions
Use of liquid smoke (PTLS or LSISS) enhances the solute (sugar) influx inside the fruit. Hence, a
higher value of solid gained (SG) is observed when liquid smoke is used with the OD. Use of
Liquid Smoke also significantly increases the yield. Dried product yield was calculated to be 23.48
% for apples with PTLS treatment, which was the highest among all treatments followed by LSISS
treatment (22.53 %). However, yield for PTLS and LSISS was not significantly different (p>0.05)
Whereas yield for PTLS and LSISS was significantly more than POD (p<0.05). Results showed
that the moisture content of the apple cubes decreased after the OD from 85.5% (MC of fresh
apples) to 71.64, 68.85 and 69.76% for POD, LSISS and PTLS, respectively. The highest moisture
loss was observed for the LSISS treatment followed by PTLS treatment. Moisture loss for LSISS
was significantly higher than POD (p<0.05) but was not significantly different than PTLS
(p>0.05). The highest increase in the SSC of apples after the OD was observed for the PTLS
treatment followed by LSISS treatment, which suggested that the more sugar was transferred from
solution to the fruit when liquid smoke was used than POD however, increase in SSC for POD and
LSISS was not significant. PTLS was significantly higher than POD and LSISS. Likewise, the
SSC of the apple cubes with PTLS treatment increased from 12.6 to 31.40 °Brix, the highest among
all three treatments. This represented an increase of 149.2%. The highest SG was found for PTLS
treatment (8.38%) followed by LSISS treatment (7.37%). SG was significantly higher for
treatments with PTLS and LSISS than the POD (p<0.05). WL for all three treatment was
significantly different. Addition of LS showed higher values for DM compared to pure OD
(without LS). Dry matter after OD was the highest for PTLS but was not significant compared to
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LSISS. The dry matter after OD was significantly higher for treatments with PTLS and LSISS than
the POD (p<0.05).
Color and water activity for all three treatments was recorded after 7, 14, 28 days. The color
remained the same for all three treatments over 28 days, liquid smoke did not have any effect on
retaining better color for longer time; however, the samples treated with liquid smoke had
significant lower L* values compares to apples that did not have any liquid smoke in them. Water
activity was significantly lower for PTLS and LSISS compared to POD.
For consumer acceptance, the values for flavor, texture, taste and overall acceptance were
significantly higher for PTLS and POD than the LSISS treatment (p<0.05). For appearance and
color, all three treatment are significantly different. However, POD got the highest values for
appearance and color. We also observe that even though people don’t like the color and appearance
of PTLS, they still gave higher ratings for taste, texture, flavor and overall acceptance for PTLS
treatment. Gender and age did not have any significant impact on preference for the treatments.
Consumers regardless of age and gender seems to like apples treated with PTLS as much as they
like apples treated with POD. Treatment LSISS was least liked by the consumers and most of them
stated, “the flavor is too strong for their liking”. The conclusion is if we were to introduce this
novel dried smoky apple snack to the market, apples treated with PTLS treatment would be the
best choice.
For future research, the effects of liquid smoke on apples without any osmotic dehydration should
be studied to better understand how liquid smoke affects the cell structure of apple tissue. Other
common apple varieties such as Gala and Granny Smith can also be used in research. Different
concentration and time (for pre-treatment) of refined liquid smoke treatment needs to be studied.
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Finally, consumer sensory testing with a population size of 100 is suggested to better understand
the marketability and acceptance of the product over a wide population.
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